Accurate diagnosis and subtyping of lymphoma have important prognostic implications and are generally required for treatment planning. Histological assessment, immunophenotyping, and genetic studies are usually necessary. Endoscopic ultrasound guidedfine needle aspiration cytology (EUSFNAC) is a minimally invasive technique widely used for the evaluation of deep-seated benign and malignant lesions. However, the value of cytological samples in lymphoma diagnosis is still a matter of debate. Endoscopic ultrasound guidedfine needle biopsy (EUSFNAB) can provide tissue core samples that may help overcome the limitations of cytology. The aim of this review is to summarize the available literature regarding EUS-FNAC and EUS-FNAB for the diagnosis and subtyping of lymphoma. In addition, we discuss its usefulness in the management of primary extra-nodal lymphomas, as well as technical issues that may influence sample quality.
Introduction
The diagnosis of lymphoma has become increasingly complex due to the rapid expansion of the use of immunological and molecular techniques. The latest classification by the World Health Organization (2008) lists 70 different forms of lymphoma. 1 The different types of lymphoma have little in common with each other, with different treatment protocols and variable prognosis. Therefore, a correct diagnosis and classification of the disease is mandatory before initiating treatment. Currently, diagnosis of lymphoma is based upon the evaluation of histological, immunophenotypic, and genetic studies interpreted in the context of the clinical scenario. However, this process is sometimes cumbersome because of the inaccessibility of deepseated lymph nodes or organs (e.g., pancreas) and due to risk of complications with the percutaneous approach. 2 Achieving sufficient tissue is crucial. Therefore, invasive and costly procedures, such as thoracotomy, laparotomy, mediastinoscopy, or laparoscopy, may be required.
EUS-guided fine needle aspiration cytology (EUS-FNAC) and biopsy (EUS-FNAB) are excellent techniques for obtaining adequate materials for cytological or histological diagnosis of various lesions. 3, 4 The advantages of EUS over other imaging techniques include real-time puncture, reduced risk of complications due to the proximity of the needle to the lesion, and the ability to sample small lesions that might be hard to sample using other methods. Finally, EUS allows access to deep-seated lesions, which is a challenge with other techniques. EUS makes sampling of mediastinal, retroperitoneal, and perigastrointestinal lymph nodes possible, with an overall accuracy between 65% and 100%. 5 The present manuscript summarizes the available evidence related to the use of EUS-FNAC or EUS-FNAB for the diagnosis of lymphoma, including the classification of lymphoma subtypes according to the most recent classification systems. In addition, we discuss the utility of EUS-FNA in the diagnosis of primary extranodal lymphomas and technical issues related to optimization of tissue acquisition.
FNA for the diagnosis of lymphoma
Several reports have described the efficacy of FNA cytology in the diagnosis of lymphoma. In radiological studies, sensitivity and accuracy range from 66% to 90% and 60% to 80%, respectively. [6] [7] [8] [9] Ancillary techniques, such as flow cytometry (FC) applied to conventional cytomorphological analysis (CA), significantly improve diagnostic accuracy. 10, 11 However, the value of FNA in the diagnosis of lymphoma remains controversial. Some authors claim that CA combined with immunophenotyping by FC can obviate more invasive procedures in the evaluation of this disease. [10] [11] [12] FNAC is particularly useful when combined with FC at differentiating reactive B cells from monoclonal B-cell neoplasms; as a result, many centers used FNA as an initial screening test. 13 FC may also be helpful in the immunological subtyping of the lymphoma, although some subtypes cannot be reliably diagnosed; consequently, the evaluation of tissue core biopsies remains the standard criterion for the final diagnosis. 1 The limitations of FC include difficulties in the diagnosis of T-cell lymphoma because these cells usually express markers found normally in mature T-cells and in Hodgkin lymphoma, rarity of Reed-Steinberg cells, and absence of monoclonality. 14, 15 Is it possible to diagnose lymphoma by EUS-FNA?
Nine studies have addressed the efficacy of EUS-FNA combined with ancillary techniques in the diagnosis of lymphoma ( Table 1) . 10, 11 Of these studies, five included exclusively nodal lymphomas, 12, [16] [17] [18] [19] two included nodal and extranodal lymphomas 20, 21 and two included only extranodal lymphomas. 22, 23 All of them, except one with a small number of patients, had a retrospective design. 23 Most studies used the conventional 22 G needle, and the number of passes was different across the studies ( Table 1) . FC was used in all the studies as an ancillary technique, whereas cytogenetic analysis and immunocytochemistry were performed occasionally. As shown in Table 1 , the addition of ancillary techniques, mainly FC, increased the sensitivity considerably (72.7% to 100%), as well as the specificity (93% to 100%) as compared with the cytomorphologic assessment alone (sensitivity and specificity ranging from 30.8% to 87% and from 0% to 100%, respectively). Most of the lymphomas in these series were detected. These data are interesting because they demonstrate that FC is safe (no complications were reported after EUS-FNAC in these studies), very sensitive, and requires only a small amount of tissue (that was obtainable in most cases by EUS-FNAC). 12, 16, 18, 20, 22 False negative results were attributed to an insufficient amount of material for FC, 17, 18, 22 sampling error, 23 or tumor cell destruction owing to the fragility of large cells in large B cell lymphoma. 18 Is it possible to subclassify lymphoma by EUS-FNA?
Five studies have investigated the usefulness of EUS-FNA in the classification of lymphoma ( Table 2) . 12, 16, 18, 22, 23 Most studies were retrospective and used small size needles. The number of passes varied across the studies. Subclassification of lymphoma was possible in 66.6% to 87.5% of the cases. 12, 16, 18, 22, 23 However, these studies have some limitations. First, although long-term clinical follow-up was carried out in all the studies, diagnosis and subtyping were not confirmed universally by histology. This procedure is particularly important, as subtyping assessed by EUS-FNA does not always correlate with excisional biopsy results, and it is wellknown that lymphomas can respond partially to different chemotherapies although a particular chemotherapy is not the most appropriate treatment for a specific lymphoma subtype. 17, 24 Therefore, in some studies, the sensitivity could be overestimated. Another limitation is the inability to adequately grade follicular lymphomas, one of the most frequent subtypes after large Bcell lymphomas. This step is a key prognostic factor to guide patient management. 25 In these series, 10 cases of follicular lymphoma were diagnosed by cytomorphologic assessment along with ancillary techniques. No information was available about grading. False negative results deserve some comment. In seven cases (16%), ancillary techniques, mainly FC, failed to subtype the lymphoma. 12, 18, 22, 23 In three cases, the final diagnosis was large B-cell lymphoma; 18, 22, 23 in one case, Hodgkin lymphoma; 12 and in three cases, unspecified Bcell lymphomas. 12 In another patient with a final diagnosis of follicular lymphoma, the material was insufficient for FC analysis. 22 Therefore, although EUS-FNA along with ancillary techniques (mainly FC) can be a useful tool for lymphoma subtyping, the evidence is still weak because of the small number of reported cases and the lack of a "gold standard." Consequently, the published data currently suggest that EUSFNAbased techniques could be of limited value in the diagnosis of Hodgkin lymphoma and in the grading of follicular lymphoma.
How useful are core samples obtained by EUS-FNAB in the diagnosis and subclassification of lymphoma?
Subclassification of lymphomas is conventionally based on histological findings, and this information is imperative for planning treatment. Excisional biopsy of a node is traditionally performed to provide sufficient tissue for histologic, immunologic, molecular biologic assessment, and classification of lymphomas. As a result, the usefulness of samples obtained by EUS-FNA may be questioned. 26, 27 However, in patients with nodes in deep sites or masses in retroperitoneal organs, EUS-FNAB can provide core samples. 28 Five studies have evaluated the ability of EUSFNAB to provide adequate core samples for the subclassification of lymphoma (Table  3) . 24, [29] [30] [31] [32] Overall, 240 patients with lymphoma have been reported. The series differ in the design (prospective or retrospective), techniques used (FC, cytogenetic analysis, and histological assessment), needle size (19 G or 22 G) or needle type (trucut biopsy needle vs. regular FNA needle), and number of needle passes. Adequate tissue samples were provided in most cases. Lymphoma diagnosis was achieved in 94% of cases, and subclassification according to the WHO criteria was possible in 85% of cases. Less than six passes were required for lym phoma diagnosis and subclassification in most cases.
In 29 patients, subclassification was not possible. Most cases were large B-cell lymphomas (n=7), follicular lymphomas (n=6), Hodgkin lymphoma (n=4), and mantle cell lymphoma (n=3). However, despite large B-cell lymphoma being the most common subtype found in the series (n=98, 41%), it accounted for less than 25% of the lymphomas subclassified inadequately by EUSFNAB. These data are in accordance with the study of Ribeiro et al., 30 where a higher yield of EUS-FNAB was found in large B-cell lymphomas than non-large B-cell lymphomas (79% vs. 67%). Interestingly, Yasuda et al. reported a success rate of 85.7% (36 of 42 cases) in the grading of follicular center cell lymphoma. 24 False negative results for lymphoma diagnosis were attributed to massive tumor necrosis in some cases, 30 insufficient material, 31 or technical limitations related to the use of large needles, and needles (trucut needle malfunction) that led to limited tissue penetration. 30 Overall, seven complications were reported (2.9%): three cases of submucosal hematoma, one case of mild abdominal pain, two cases of fever, and one case of variceal bleeding. 24, [30] [31] [32] Conservative management was sufficient for the first six cases, but the last case had a fatal outcome (presumably not related to the procedure). 31 Based on these data, EUS-FNAB may be a useful technique for diagnosis and subtyping of lymphoma.
Primary lymphomas in deep-seated organs
Some EUS-FNA series have included primary pancreatic or splenic lymphoma. Primary pancreatic lymphoma (PPL) is a rare disease that represents approximately 1% of extranodal lymphomas and 0.5% of all pancreatic masses. When suspected, it is crucial to achieve the correct diagnosis, because management and prognosis of PPL are completely different from pancreatic adenocarcinoma. Only one published series addressed the feasibility of EUS-FNA and FC in PPL (Tables 2 and  3) . The diagnosis and classification of lymphoma were possible in most cases.
For splenic tumors, lymphoma is the most common diagnosis. 2 In a large series using percutaneous biopsy, the complication rate was 5.3%, including pneumothorax, hemoperitoneum, and subacute bleeding. EUS-FNAC or FNAB can overcome this limitation. Although the experience with EUSFNA and ancillary techniques in this setting is very limited (Tables 1 and 3) , 23, 32 it suggests that diagnosis and subtyping of spleen lymphoma are possible, with low risk of complications.
Technical EUS issues

Needle size
It remains unclear whether the use of large-sized needles (i.e., 19 G needles) increases the diagnostic yield for lymphoma. However, to obtain an adequate core sample for histological evaluation (preserving tissue architecture), large FNA needles (e.g., conventional 19 G FNA needle, trucut needle [Quick core ™], 19 G ProCore™ needle) seem to be better than smaller gauge needles. 33 Although the trucut needle has been useful in the diagnosis of lesions in which histological assessment 37 In the studies carried out in lymphoma (Table 3) , the conventional 19 G needle was used in most cases without failure. 24, 29, 32 However, the trucut needle failed in two patients with periduodenal lesions. 30
Other EUS-FNA issues
The number of passes required for diagnosis has not been well established. However, the number of passes ranges from two to five in all published studies. 24, [29] [30] [31] [32] Although many media are available for FC Hank's balance, salt solution or Roswell Park Memorial Institute medium are most frequently used.
Finally, the necessity for onsite cytology is qu estionable. The presence of the cytologist is helpful to exclude epithelial cancer and to confirm the need to take samples for tests required to diagnose lymphoma (e.g., FC and core biopsy, among others). However, the presence of the cytologist may not improve the yield of EUSFNA for lymphoma, because obtaining adequate lymphoid tissue from lymph nodes is usually not difficult (as long as enough passes are performed). When the cytologist sees only lymphoid tissue during on-site analysis, it is impossible to diagnose most lymphomas until FC is performed. Therefore, when lymphoma is suspected and an epithelial cancer is very unlikely (e.g., large nodes but no obvious epithelial primary tumor), it may be reasonable to forgo on-site cytological analysis and to perform four or five passes for FC and for regular cytology. For histological samples, onsite analysis is not possible, so the issue is moot.
Conclusion
Accurate lymphoma diagnosis and subtyping are possible by EUSFNAC and/or EUSFNAB. These techniques are a reasonable first choice when superficial nodes or lesions are not accessible.
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